Introduction
A substantial loss of bone stock is frequently encountered during revision of a hip replacement [5, 6, 10] . Autologous and homologous cancellous bone chips can be used to fill the cavities in the expectation that incorporation with the host bone will improve the bone deficiency [8, 14, 22] . Reinforcement implants have been developed to achieve stable initial fixation of the new prosthesis and protect the bone grafts during healing [17] .
The purpose of this study was to assess the clinical and radiological outcome in a group of patients with aseptic loosening of the acetabular component who underwent revision surgery using impaction grafting and reinforcement acetabular implants.
Material and method
From January 1988 to June 1994, 95 revisions of hip replacements in 92 patients were carried out using autologous and homologous bone grafting, and reinforcement acetabular implants in cases with aseptic loosening of the acetabular component and severe loss of bone stock. The mean age of the patients at the time of the revision was 60 years (±9 years). Of the revised sockets, 54 were cemented and 41 were uncemented. The femoral component was also revised in 75 hips (71 patients). At the time of the index operation, 11 patients (11 hips) had already undergone one revision of the cup and 10 patients (10 hips) had two exchanges.
The acetabular bone stock defects were classified according to the criteria of D'Antonio et al. [3] . The reinforcement ring of Müller (Protek, Münsingen, Switzerland) was used in 12 hips with type I segmental defects, in 15 with type II cavitary defects of the medial wall and the acetabular rim, and in 17 cases with a high secondary centre of rotation (type II, segmental-superior) (Fig. 1) . The reinforcement ring with a hook of Ganz (Protek, Münsingen, Switzerland) was implanted in 16 cases with severe protrusion (type I), in 14 cases with complete segmental defects of the iliopubic column (type I) and in 3 cases with pelvic discontinuity (type IV) (Fig. 2) . The reinforcement cage of Burch-Schneider (Protek, Münsingen, Switzerland) was used in 16 cases with combined bone stock defects (type III) and in 2 hips with pelvic discontinuity (type IV) (Fig. 3) .
Surgical technique
The hip was exposed through an iliofemoral approach in 27 cases, through a direct lateral approach in 38 cases and through a posterolateral approach in the remainder. Special care was taken to remove as little bone as possible. Irregular contours of the acetabulum were reamed only to provide a better seating for the revision implant. The autografts were usually taken from the anterior iliac crest. When there were large defects the grafts were obtained from the posterior iliac crest or the contralateral femoral head where simultaneous primary total hip replacement was undertaken. Thin sleeves (2-3 mm) of fresh femoral heads received from the local bone bank were sterilised (120°C for 20 min) after removal of fat, cartilage and bone marrow. The bone was morselized into chips of about 0.5 cm 3 using a rongeur during operation and mixed with chips of the autografts (mean ratio 2.1). The quantity of allograft used varied from 1 to 3 femoral heads per patient. The bone was placed into the acetabulum and impacted with a punch. The reinforcement implant was then fixed with at least 3 fully threaded 6.5 mm cancellous screws to buttress the grafts and achieve initial stability. Our aim was to obtain the most extended possible contact of the implant with the host bone in the anatomical position. A polyethylene cup (Protek, Münsingen, Switzerland) was cemented (Palacos-R, Merck, Darmstadt, Germany) and correctly oriented into the ring with 40° of abduction and 10° to 15° of anteversion. The mean stay in hospital of the patients was 16 days (±4 days). Partial weightbearing was allowed after operation with 2 crutches for 12 weeks.
The clinical outcomes were analysed using the hip score of Merle D'Aubigné and Postel, modified by Charnley [2] . The radiological results were assessed according to the criteria of the American Academy of Orthopaedic Surgeons [9] . The classification of Stringa and Mignani modified from Khüne et al. [12] was used to analyse the appearance of the bone grafts.
Results
At the time of review, at least 3 years after operation, 5 patients had died and 9 could not be traced or were unable to attend. Thus, 78 patients (81 hips) had a complete clinical and radiological examination. The mean follow-up was 6.5 years (range 3 to 9 years). Thirty-six Müller reinforcement rings, 30 Ganz rings and 15 Burch-Schneider cages were assessed.
The Merle d'Aubigné-Postel-Charnley hip score improved after revision from a mean of 9.3 to 14.8. No patient could walk for longer than 15 minutes before the index operation and 87% of them needed 2 crutches. After revision, 41 patients had normal function, 21 used a cane for long distances and the remaining cases needed 2 crutches. Ninety percent of the patients complained of pain before revision and needed analgesic drugs. There was a consistent relief of pain after revision (mean preoperative value 2.8, mean follow-up value 5.1). The range of motion was more than 160° in 84% of the cases followed up (mean preoperative value 3.7, mean follow-up value 5.0). The clinical results were excellent in 23% of the cases, good in 43%, satisfactory in 27% and unsatisfactory in 7%.
There was a complete radiolucent line at the boneimplant interface of the socket without signs of progress or migration in 3 hips (4%). Radiolucency was seen in only one quadrant of the acetabulum in 10 cases (12%); there were no signs of migration of these components. In the remainder, the interface between implant and bone showed no radiolucent lines.
The bone stock was improved in all cases. The graft appeared radiologically fused and alive in most hips. Signs of resorption were present in the lateral quadrant in 6 sockets (7%). The first signs of bony remodelling (stage 6) could be observed in all grafts within 3 months of operation. Definite radiological bone healing with bridging of the trabeculae at the host bone/graft interface (stage 8) occurred uneventfully within the first year after operation.
A lesion of the obturator artery occurred in one case, and transitory palsy of the femoral nerve in 2. Another patient developed transitory symptoms after the operation due to stretching of the sciatic nerve. One patient developed signs of deep infection 2 weeks after operation and had a further successful surgical procedure without removal of the prosthesis. Dislocation occurred in 3 hips and reduction was obtained conservatively in 2 of them. One hip was revised because of malposition of the polyethylene cup.
Discussion
The reconstruction of acetabular bony defects is one of the most difficult challenges in revision hip surgery [5, 15, 19] . The use of impacted, morselized grafts is a biological way of solving the problem [22] . Reinforcement implants which bridge the defect provide support for the acetabulum and allow bone grafting in an area protected from excessive stress [16, 21] . The quantity of autologous bone available for reconstruction is limited and the harvesting procedures are not free of complications. The use of mixed grafts can be helpful when there is a large bony defect. Allografts allow complete filling of these cavities and their osteoconductivity can improve the healing process, but the best methods of preservation and preparation of the bone are still controversial [18, 23, 25] .
Post-mortem retrieval analysis and core biopsies after acetabular reconstruction with allografts show progressive incorporation, but the radiological prediction of fusion is not accurate [8] . Nevertheless, radiological examination remains the standard method of assessing the state of the grafts. Scintigraphy can be difficult to interpret because of artefacts due to the presence of the implant, and this can also be a problem in computerised tomography or magnetic resonance imaging.
The radiological appearance of the mixed grafts during the healing phase observed in our study corresponded with that seen with pure autografts [24] .
The mid-term outcomes of revision with reinforcement components [1, 7, 13, 16, 20, 21, 26] or similar devices [4, 11] have been encouraging. The present investigation showed similar satisfactory results concerning the mechanical stability of the prosthesis, and confirm the in-vitro findings of a previous study [17] . Failures are mainly due to technical errors [13] . Implantation using correct surgical technique is of paramount importance. Levai et al. and Zehntner and Ganz stated that durability of the reconstruction can be only expected if support of the revision prosthesis is provided by host bone [26] .
There are grounds for cautious optimism for the use of impaction grafting and reinforcement components in acetabular revision surgery with severe bone stock defects. Careful preoperative evaluation and intraoperative assessment to match the bony defects, grafting patterns and prosthesis are essential to achieve stable fixation.
